Background: The literature suggests an association of pancreatic enzymes with systemic inflammation resulting in secondary organ injury and dysfunction following trauma. Elevation in serum enzymes may not always be predictive of pancreatic disease, and can reflect extra pancreatic production.
Background
Multiple organ failure (MOF) is the leading cause of posttrauma morbidity and mortality. It is thought to be caused by the systemic inflammatory response syndrome (SIRS) that follows severe trauma and hemorrhagic shock. Multiple organ failure has been defined as progressive dysfunction of two or more organ systems following an acute threat to systemic homeostasis (1, 2) . Review of earlier studies depicts an incidence of 5% to 25%. Several organ dysfunction scoring systems have been developed to describe and quantify organ dysfunction/ failure in ICU patients (3) (4) (5) . There is no gold standard for quantification of the degree of organ damage; however, several scores like multiple organ dysfunctions (MOD) score, and Denver postinjury MOF scores (6) are being utilized.
Available literature suggests that intraluminal pancreatic enzymes stimulate the production of inflammatory mediators by the gut causing uncontrolled systemic inflammation leading to secondary organ injury and dysfunction (7) (8) (9) (10) (11) .
improve survival in the intensive care unit (ICU).
Objectives
The purpose of this study was to evaluate the prognostic significance of the elevation in serum pancreatic enzyme levels on admission in trauma patients with MOF. We hypothesized that serum amylase and lipase can serve as predictors for the development of MOF in traumatic injury patients.
Patients and Methods
A retrospective review was performed on 296 trauma patients presented to the red area of a level-1 trauma center, from December 2009 to March 2010. Data of all the critically injured patients presented during the period of the study, including their demographics, clinical and transfusion data such as age, sex, Glasgow coma score, injury severity score, SOFA score, indication for blood product transfusion, injuries, sepsis, organ failure, coagulopathy and mortality was collected from the computerized patient record system maintained by the institute, or from the individual patient file.
Laboratory investigations namely, complete hemogram (Hb, TLC, and DLC) and coagulation profile (PT, aPTT) were routinely performed on the Sysmex XE-2100 hematology analyzer and STA compact coagulation analyzer, respectively. Biochemistry analysis (liver function test, renal function test, electrolytes) along with amylase and lipase was also routinely performed on the Synchron Cx9 Pro Biochemistry analyzer. Patients with pancreatic or duodenal injuries were excluded from the study group, to ensure that the elevations are due to other intra-abdominal injuries.
The presence of coagulopathy was diagnosed if any of the prothrombin time (PT) or activated partial prothrombin time (aPTT) was > 1.5 times normal and the INR value was > 1.6. Immediate outcome was assessed in terms of hospital length of stay and mortality during the course of the study.
Serum amylase and lipase levels of all traumatic injury patients, who required admission at the trauma care center were assessed and recorded in the emergency department. Trauma scores such as injury severity score (ISS) and Glasgow coma score (GCS) were calculated to assess the severity of injury for the study patients. Elevation in the amylase and lipase levels in the admission day were defined as being > 2 times the upper limit of normal. Normal range for amylase in our laboratory is 30 u/L to 100 u/L, and a value > 200 u/L was considered elevated. The normal range for lipase is 13 u/L to 60 u/L and a value > 120 u/L was considered elevated. The sequential organ failure assessment (SOFA) score was calculated, that quantifies and describes the evolution of organ dysfunction/failure over time, and has been validated in trauma patients. The SOFA score assesses the function of six different organ systems: respiratory [PaO 2 /FiO 2 ratio], cardiovascular (blood pressure, vasoactive drugs), renal (creatinine), hepatic (bilirubin), neurological (Glasgow coma score) and hematological (platelet count) (18) .
Multiple organ failure is defined as the occurrence of severe organ failure in two or more organ systems during the ICU stay, either on the same day or on different days.
Statistical analysis was performed using a chi-square test, and two-way ANOVA tests with STATA 11.0 statistical software (USA). Analytical study was done on three different groups of patients namely MOF, single organ failure and no organ failure. The correlation between serum pancreatic enzyme levels and the progression of organ failure was analyzed by comparing the incidence of any one of the following organ system failures in the elevated and non elevated enzyme groups: cardiac (a requirement for vasopressors, despite adequate volume resuscitation, to maintain adequate organ perfusion), pulmonary (pao 2 : fio 2 <, central venous pressure > 18 mmHg, and bilateral infiltrates on chest radiograph), hepatic (serum total bilirubin > 3 mg/dL and aspartate aminotransferase > 80 IU/L [two times the upper limit of normal]), or renal (serum creatinine > 2 and creatinine clearance < 100 mg/dL), central nervous system (GCS < 8) and hematologic dysfunction (presence of coagulopathy) in the body (19) . In this study P < 0.05 has been considered statistically significant.
Results
A total of 296 trauma patients from the ICU were enrolled in the study, with the mean age of 31 years, 85% were males and 15% females. Blunt injury was seen in 270 cases (91.6%) and 45 (8.4%) had penetrating injury. (Figure 1) depicts the site of injury. From a total of 296 patients, 153 cases (51.6%) had single organ failure, 96 (32.4%) had MOF and 47 (15.8%) had no organ failure. Of the patients with single organ failure, 1.9% had cardiac failure, 89.5% had pulmonary failure, 7.8% had hepatic failure and 0.6% had renal failure.
Univariate analysis of all the laboratory parameters amongst the three patient groups showed varied and significant difference in the lipase level (P = 0.04), prothrombin time (P < 0.001), PaO 2 (P < 0.001), PCo 2 (P = 0.04), potassium levels (P = 0.05), bilirubin level (P = 0.008) and hemoglobin level (P = 0.004) ( Table 1) . However, the amylase levels were not found to be significant ( Table 1) .
The prevalence of coagulopathy was observed to be significantly higher in patients with MOF (22.9%), 7.1% in pa-
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Trauma Mon. 2016; 21(2):e20773. Table 1) . Incidence of organ failure was also found to be significantly correlated with immediate outcome (dead/alive), (P < 0.001). The mortality rate in case of MOF was 36.4%, 4.5% in patients with single organ failure and 4.2% in patients with no organ failure ( Table 1) .
To determine if differences exist among three patient groups, one-way analysis of variance (ANOVA) was performed using the mean values of all the laboratory parameters (Table 1) . A significant difference was observed in the mean values of PaO 2 (P < 0.001) and SOFA score (P < 0.001) for the patients who developed single organ failure when compared to the patients with no organ failure. On comparison of the no organ failure patient group with the patients with MOF, mean values were as follows: for PT (P < 0.001), PaO 2 (P < 0.001), SOFA score (P <0.001), potassium (P = 0.03), bilirubin (P = 0.02), AST (P < 0.001), creatinine (P = 0.01), urea (P = 0.04), Hb (P = 0.005), Hct (P = 0.01), length of stay (P = 0.05).
The analysis of variance for the single vs. MOF group showed a significant difference in the mean values of PT (P < 0.001), aPTT (P < 0.001), PRBC transfusion (P = 0.002), SOFA score (P = 0.002), bilirubin (P = 0.01), AST (P < 0.001), creatinine (P = 0.05), Hb (P = 0.003), Hct (P = 0.004) and platelets (P = 0.02) ( Tables 2 and 3) .
To compare the lipase and amylase levels within the normal range, and above and beyond the normal range in serum samples, the chi-square test was performed in correlation with the different laboratory parameters. Serum lipase levels were observed to be significantly associated with the platelet count (P = 0.005) of acutely injured patients. Lipase levels were also significantly correlated with coagulopathy (P = 0.02), infection (P = 0.01), immediate outcome (dead/alive) (P = 0.04), and organ failure (P = 0.02). Both amylase and lipase levels were found to be significant in patients with renal failure (P = 0.03, and P = 0.005, respectively) ( Table 2) .
To determine the comparison between patients with and without organ failure, the univariate logistic regression analysis of the categorical data was performed. Variables that were determined to have statistically significant association with the occurrence of organ failure were evaluated using multivariate regression analysis to determine the independent association of the variable with organ failure (Tables 4 and 5 ). It was concluded that independent predictors of organ failure were PCo2 (OR = 0.5) and potassium (OR = 4.1).
The immediate outcome (dead/alive) of the study group was correlated with the clinical and laboratory parameters, and the univariate analysis was performed, followed by multivariate regression analysis of the variables that were determined to be statistically significant (Tables  6 and 7 ). The observed independent predictors of mortality were coagulopathy (OR = 1. 
Discussion
Serum amylase and lipase levels are markers of pancreatic inflammation and are standard tests to diagnose acute pancreatitis; however, neither amylase nor lipase is specific for acute pancreatitis (13) . Rise of the enzyme is detected in patients with trauma, tumors or intracranial hemorrhage, patients with abdominal trauma and those submitted to cardiac surgery (20) . Malinoski et al. (19) reported that elevation in pancreatic enzymes in trauma patients in the absence of a pancreatic injury have an increased risk of morbidity and mortality. The results of our study suggest that elevated serum levels of pancreatic enzymes are independent predictors of organ failure and post trauma mortality. It is often difficult to predict whether enzyme elevations are due to ischemic pancreatitis or the translocation of intraluminal enteric pancreatic enzymes. It is unlikely that circulating pancreatic enzymes are direct cause of organ failure because of abundant protease inhibitors in the blood that bind and limit their activity but they may serve as tools to detect progression to organ failure in trauma patient (17, 21) . 4 Trauma Mon. 2016; 21(2):e20773. Elevation of the serum lipase and amylase is a common problem in clinical practice of an ICU and is not exclusive of pancreatic inflammation (22, 23) . Liu et al. (12) reported that 15% of a group of patients admitted because Trauma Mon. 2016; 21(2):e20773. 5 of trauma, infection, tumor or other intracranial injuries showed elevated amylase and lipase levels without any evidence of pancreatitis, and recommend a routine monitoring of these enzymes. Lee et al. (14) reported an associa- tion of elevated pancreatic enzymes with various neurosurgery events and diagnoses and a higher mortality rate in patients admitted to the neurosurgery ICU.
The gut has been considered as one of the major sources of the inflammatory response following trauma and has the potential to lead to MOF (14, 24, 25) , after traumatic injury intraluminal pancreatic enzymes have been postulated to enter the gut submucosa, activating local inflammatory mediators which then enter the systemic circulation through the mesenteric lymph and might play an important role in the pathogenesis of MOF (9) . Several studies have demonstrated that inhibition of intraluminal pancreatic enzymes during the resuscitation minimizes the acute inflammatory response as well as histological organ injury (9, 26, 27) . In addition, on ligating the pancreatic duct several weeks before hemorrhage, delayed mucosal injury and prolonged survival has been observed (11, 13) .
Low levels of pancreatic enzymes are present in the healthy individual's circulation in addition to residing in the lumen of intestinal tract (28) . Serum pancreatic enzyme levels have been found to be elevated in 36% to 67% of critically ill patients (29, 30) . Although some studies suggest that the hyperamylasemia of critical illness is from nonpancreatic sources (16), others depict an increase in either pancreatic lipase or amylase, both of which are specific indicators of pancreatic origin (29, 30) . Regardless of which pancreatic enzyme is being measured, all the studies indicate that greater severity of organ failure and illness are correlated with elevated serum enzyme levels. Kumar Trauma Mon. 2016; 21(2):e20773. 7 Several clinical studies have demonstrated both histological and clinical evidence of ischemic pancreatic inflammation in a variety of shock states (31) . Therefore, direct secretion of pancreatic enzymes into the circulation seems to have a reasonable correlation with progression of organ failure in trauma patient. More than a few studies have reported a mortality rate of 5.1% in patients with MOF (2) . A mortality rate of 36.4% was reported in our study.
Malinoski et al. (19) observed that patients with an elevated amylase level were more at a risk of developing organ failure, present in shock and had a greater risk of death and patient with an elevated lipase level were likely to develop organ failure. In our study, patients with an elevated amylase level had a greater risk for renal failure and patients with an elevated lipase level were more prone to develop coagulopathy, MOF and had a greater risk of death. These patients were at higher risk of infection and had an abnormal level of platelet count.
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Trauma Mon. 2016; 21 (2):e20773. The independent predictors of organ failure in their study (19) were age; ISS, massive transfusion, elevated amylase and lipase and the independent predictors for mortality were age, ISS, massive transfusion, shock and elevated Trauma Mon. 2016; 21(2):e20773. 9 amylase. In the present study, the predictors of organ failure were coagulopathy and infection. Predictors of mortality were organ failure, coagulopathy, infection, GCS, bilirubin, elevated lipase, hemoglobin and platelet count.
Our study corroborates the findings of previous studies in critically ill patients; the increase in serum pancreatic enzymes is associated with greater degrees of shock, injury severity, organ dysfunction, and death. The elevated lipase level was significantly correlated with the incidence of MOF in acutely injured trauma patients. Association between the elevated amylase and organ failure was not significant. Measuring levels of these enzymes after admission, coupled with other laboratory investigations (Hb, bilirubin, and creatinine) may be helpful in the identification of patients who are at a risk of infection and progression towards organ failure and ensuring optimum management of patients following trauma.
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